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„„ A ^„ __ _ pletely prepared from renewable raw materials, namely 

PROCESS FOl^ ^DUOTON OF SURFACE fats on the one hand and sugars or starches on the other 
ACllVr. ALKYL OLYCCISUJES hand. 

_ . .. . Surface-active alkyl glycosides have been known as 

This is apphcation is a continuation of application 5 ingredients in detergents for more than 50 years Thus 

Ser. No. 07/220,297 filed Jul. 18, 1988, now aban- Austrian patent 135,333 describes the production of 

doned - lauryl glucoside and cetyl glucoside from acetobromo- 

BACKGROUND OF THE INVENTION glucose and the particular fatty alcohol in the presence 

, , , , . , . " of a base. The direct synthesis from glucose and lauryl 

L Field of the Invention i 0 alcohol in the presence of hydrogen chloride as an 

This invention relates to a process for the production acidic catalyst is also disclosed, 

of surface active alkyl glycosides by reacting butanol According to the teaching of German patent 61 1,055 

with a glycose in the presence of a suitable acid catalyst alkyl glucosides can be prepared from penta-acetyl 

to form a butyl glycoside. The butyl glycoside is then glucose and a fatty alcohol in the presence of anhydrous 

transacetalized with a fatty alcohol containing from 12 15 zinc chloride. 

to 18 carbon atoms. The products of this invention are German patent 593,422 describes the maltosides, the 

surface active and show good biodegradability. lactosides of aliphatic alcohols containing more than 8 

2. Statement of Related Art carbon atoms and their use as emulsifying, cleaning and 

In the development of new surface-active substances, wetting agents. For example, the addition of cetyl mal- 

which are suitable for use as industrial surfactants for 20 toside to ordinary soap, which at that time was the 

the manufacture of detergents and cleaning prepara- principal constituent of detergents, was said to improve 

tions, renewable raw materials are being used to an the detergent effect of the soap. This is explained by the 

increasing extent for production. Hitherto, oleochemi- effect of the cetyl maltoside as a calcium soap disper- 

cal raw materials, such as for example fatty acids, fatty sant. 

acid esters andfatty alcohols, have largely been used for 25 The sixties and seventies saw several proposals for 

tins purpose. The object of the efforts being made in this improved processes for the production of alkyl glyco- 

direction is to develop a base independent of petro- sides either by direct reaction of glycose, generally in 

chemistry and, at the same tune, to obtain better prod- the form of glucose, with an excess of the fatty alcohol 

ucts showing environmental compatibility, including and an acid as catalyst (direct synthesis) or using a 

good biological degradabihty. With these aspects in 30 lower alcohol or glycol as solvent and reactant (transa- 

rrund, interest has recently been shown in the surface- cetalization). Thus, U.S. Pat No. 3,547,828 (Mansfield 

active alkyl glycosides, which are acetals of sugars and et al.) describes the production of a ternary mixture of 

!' , r>u „ , , alkyl ^goglucosides, alkyl monoglucosides and the 

In the context of the invention, alkyl glycosides are corresponding C n -C 32 alkanols by transacetalization 

understood to be the reacnon products of sugars and 35 with butanol. In this process, the glucose is first reacted 

fatty alcohols, suitable sugar components being the with butanol and an acidic catalyst, such as sulfuric 

aldoses and ketoses glucose, fructose, mannose, galac- acid, to form butyl glucoside. The water of reaction is 

tose, talose, gulose, allose, altrose, idose, arabinose, separated at the reflux temperature. Two to six mols of 

xylose, lyxose and ribose, which are referred to herein- butanol are used per tool glucose. The fattv alcohol is 

after as glycoses. Particularly preferred alkyl glycosides 40 then added in quantities of 0.5 to 4 tools per mol of 

are alkyl glucosides by virtue of the ready availability of glucose and the excess butanol and also the bmano 

Sv^H Y°?T t W fa f * fo ™* during the transacetalization reaction aTr* 

glycoside ,s mtended to encompass the residue of an moved by distillation. The transacetalization reaction is 

aliphatic alcohol, preferably a fatty alcohol, obtainable optionally terminated, such that parts of the butyl riv. 

from natural fats, i.e. saturated and unsaturated residues 45 coside remain in the reaction mixture. Products of low 

and also mixtures thereof, including those having differ- viscosity can be prepared in this manner. The acidic 

en cham lengtlis The terms alkyl ohgoglycoside, alkyl catalyst is then neutralized by addition of sodium hy- 

polyglycoside, alkyl oligosaccharide and alkyl polysac- droxide solution. Excess fatty alcohol is then largely 

chande apply to alkylated glycoses of the type in which removed in vacuo to the required level, generally to less 

one alkyl radical in the form of the acetal is attached to 50 than 2% by weight. For example, lauryl alcohol can 

more than one glycose residue, i.e. to a polysaccharide thus be removed by distillation under a pressure of 2 

or ohgosacchande residue; these terms are regarded as mm Hg at a temperature of 150° C. A proportion of 

synonymous with one another. Accordingly, alkyl alkyl oligoglucoside can be isolated from the resulting 

monoglycoside is the acetal of a monosaccharide. Since 3-component mixture of alkyl monoglucoside, alkyl ol 

tiie reaction products of the sugars and the fatty alco- 55 igoglucoside and fatty alcohol, optionally contaming 

hols are generally mixtures, the term alkyl glycoside is proportions of butyl glycoside, by adding acetone to the 

intended to encompass both alkyl monoglycosides and mixture. The ohgoglucosides Zh^STS^ 

also alkyl poly(ohgo)glycosides, providing the particu- and can be easily separated 

lar structural differences are not important. U.S. Pat No. 3,450,690 (Gibbons et al.), teaches that 
t^ 6 ^ 6 " 30 ^ ^//yf^^^y co"- «> unwanted alkali-sensitive, discoloring impurities of 

tammg C 12 -C„ alkyl or alkenyl radicals belong to the alkyl glucosides based on C,-C 8 alkanlls, prepared by 

class of nomomc surfactants ; However, whereas in stan- direct synthesis, can be removed from the reaction 

da^nomomcsurfac^tsofthealkylp^lyglycol ether product by not only neutralizing the acidic c?Sys" 

type, the hydrophobic part emanates from renewable through its addition of inorganic or organic bases, as for 

w£,T S ,?t * "J™? fr ° m f fa u y , dC ° h0lS ' 65 CJamp]s ^droxide sodium methylate, calcium 

while the hydroplnlic part is made up of ethylene oxide hydroxide, barium hydroxide, barium methylate or 

units and hence of a petrochemical raw material, the strongly basic organic amines, but also by adjusting the 

alkyl glycosides as fatty alkyl glycosides may be com- mixture to an alkaline pH value of at least 8 followed 
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by brief heating to temperatures of 50° C to 200' C. The product containing 20 to 70% alkyl monoglycoside, less 

reaction product is then filtered off and the excess of than 10% mono- and polysaccharides, less than 2% free 

alcohol is removed. The residual reducing sugar, which fatty ^1 and, the remainder being alkyl polyglyco- 

is thought to be responsible for the color instabihty of sides> ^ di ., tri . ^ tetraglycosides 

SSSH P ^^^^edtoberemovedbythis 5 According t0 E ^ Qpean ^ ^ ^ 

Another problem arising in the production of surface- & *? ot ^ c base which is 

active alkyl glycosides based on fatty alcohols contain- eithe f ±Q alkab K ' Ll) ' alkalme 63,111 Ca) or 

ing 12 to 18 carbon atoms lies in the difficulty of sepa- aluminum salt of a weak low molecular weight acid, for 
rating any such unreacted fatty alcohols by distillation 10 exam P le sodium acetate, or the corresponding alcohol 

from the reaction .product. To this end, it is proposed in ^ *° r example sodium ethylate, is used to neutralize 

European patent application 32 252 (BASF, Klahr et the acidic catalyst in a direct synthesis process. A nar- 

al.) to effect the separation of such unreacted fatty alco- row pH value range near the neutral point (pH 6.6 to 7, 

hols by distillation in the presence of glycols having preferably 6.7 to 6.8) is established, 
boiling points which are at most 1<P C. above and at 15 According to European patent application 132 043 

most 30° C. below those of the alcohols to be separated. (Procter & Gamble, Davis et al. ), the color quality of 

In this way, the distillation process can be carried out at the product is improved and the residual polysaccha- 

temperatures no higher than 140* C. under a vacuum of rite in the product is reduced when the acidic catalyst 

about 8 mbar. used is the acid form of an anionic surfactant In the 

of long-chain alkyl glycosides utilizing its transacetali- ^hol are preferably used per mol of glucose and 

zation process with butanol can be controlled in such a pH V , UeS of 6 '1 to 7 "* attamed bv adjustment in the 
way that the end product contains a residue of less than neutralization of the acid catalyst with sodium hydrox- 
10% by weight of butyl glucosides. The formation of 25 lde or sodlum carbonate. 

long-chain alkyl oligoglycosides having a relatively To be M ? to use the alkyl glycosides as surfactant 
high degree of oligomerization, i.e. containing 6 and ingredients in detergents and cleaning preparations in 
more glucose units in the molecule, can also be reduced. commercial scale, two requirements have to be satisfied. 
The products thus obtained consist essentially of alkyl First, the alkyl glycosides must be color-stable under 
monoglucoside and alkyl oligoglucosides, the content 30 alkaline conditions so that they can be used in alkaline 
of alkyl monoglucosides being at most 60% by weight formulations. Second, processes for the production of 
and the average degree of oligomerization being from alkyl glycosides must be designed in such a way that the 
1.5 to 3. The proportion of short-chain alkyl glucosides, end products can be produced without difficulty in 
particularly butyl glucosides, is below 10%, while the large quantities. Neither of these two requirements is 
proportion of unreacted fatty alcohol is said to be below 35 satisfied by known processes or by the properties of the 
2%. The use of a thin-layer evaporator is recommended resulting end products 
for the removal of the fatty alcohol by distillation. a ^^a: +~ -c.. ~ , . 

European patent application 92 876 ffroctor & Gam- J^fSil ° A apP ^ tl0D J 7 ' 167 
ble, Mao et al.) also describes the production of long- ? 0hm * ** a ^ s > Arnaudis), the color quality of the sur- 
chain alkyl glucosides having a degree of oligomerizt 40 face " a ^ tlv f ^ glycosides may be unproved by using 
tion of 1.5 to 20 by the transacetalization process with ? standard acid catalyst together with an acidic reduc- 
butanol, the transacetalization catalyst (p-toluenesul- m S a g ent seiected from the group comprising phospho- 
fonic acid) being inactivated by neutralization when at rous acid > hypophosphorous acid, sulfurous acid, hypo- 
least 90% of the butyl glucoside has reacted, such that sulfurous acid, nitrous acid and/or hyponitrous acid, or 
at most 10% butyl glucoside remains in the reaction 45 salts thereof, in the production of the alkyl glycosides, 
product. In this case, too, the use of a thin-layer evapo- According to the teaching of European patent appli- 
rator is recommended for removal of the excess of fatty cation 102, 558 (BASF, Lorenz et al.), light-colored 
alcohol. The reaction products are also said to contain C3-Cs alkyl glucosides, which may be transacetalized to 
less than 60% by weight alkyl monoglucoside and less higher, surface-active alkyl glucosides, are obtained by 
than 2% free fatty alcohol, In this known production 50 production in the presence of an acidic catalyst and at 
process, a very small excess of fatty alcohol is used to least equivalent quantities of an alkali metal salt of a 
ensure that large quantities of the required alkyl oligo- boric acid, preferably sodium perborate, 
glucoside, i.e. more than 60% by weight, are obtained. According to another proposal in European patent 

European patentapphcation 96 917 (Procter ft Gam- application f 65 m (Stale P £ cDjmid J^ P ™ 
ble, Farns) describes an unproved process for the acid- 55 ™ c ^ llIt ,^ ^ „ „le \z « V , r? . 

catalyzed direct synthesis?* which a monosaccharide, °J* s ^ act ™ alkyl polyglucoside is 

preferably glucose, is added to the mixture of fatty *^ ted ^ "? <?*™8 (preferably a hy- 

alcohol and catalyst continuously or in portions at a ?f 0gen peroxlde solution), and then with a sulfur diox- 
temperature of from 80 to 150° C. at such rate that no * de source ' such M 311 aQ * ueous solution of sodium bisul- 
more than 10% unreacted monosaccharide is present in 60 te * The P roduct s thus obtained are said to remain col- 
the reaction mixture. The addition of the monosaccha- or-stable, even after prolonged storage- 
ride is controlled in such a way that a substantially clear Ah 1 known production processes which are con- 
phase is always present. cerned with improving the color quality and stability of 

The monosaccharide is preferably used as finely ^yl glycosides in storage are attended by the disad- 
ground powder in admixture with part of the fatty alco- 65 vantage that, to achieve these improvements, additional 
hoi. As the monosaccharide is added, the water formed chemical agents have to be added either during the 
is removed by distillation under a reduced pressure of production process or by way of aftertreatment of the 
about 0.1 to 300 mm Hg. This process is said to give a reaction product. 
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DESCRIPTION OF THE INVENTION ^ butanol is divided into two parts, one for initial 

addition with the catalyst and, one for later addition 
Other than in the operating examples, or where oth- with the glycose. It is preferred to suspend the glycose 
erwise reaction conditions used herein are to be under- in the butanol for the second addition, 
stood as modified in all instances by the term "about". 5 The portions of butanol are each preferably 50% by 
An object of the present invention is to provide a new weight but can be from 30 to 70 and from 70 to 30 
process for the production of surface-active alkyl glyco- weight percent. 

sides, in which the end products produced are of such The acidic catalyst used is a compound showing an 
quality that there is no need for aftertreatment to im- acidic reaction. Preferred acidic catalysts are sulfuric 
prove color quality and stability in storage. 10 acid, phosphoric acid, p-toluene sulfonic acid and sulfo 

Another object of the invention is to control the acid ion exchange resins, 
individual steps of the new production process in such a The acid catalyst is preferably used in an amount of 
manner that a minim u m of chemical reagents is suffi- from 0-005 to 0.02 tool per tool of the glycose used, 
cient. Another object of the invention is to provide a 1° respect to step 3, it is preferred to heat the glycose 
process which can be readily applied on an industrial 15 butanol suspension to the approximate of reaction mix- 
scale, thus enabling surface-active alkyl glycosides to be tare P rior to addition. 

produced in such quantities that these products may be ^ respect to step 4, it is preferred to remove the 
used by the detergent industry as surfactants i n deter- water by distillation under slightly reduced pressure, 
gents and cleaning preparations. Pressures of from 800 to 950 mbar are preferred. An 

It has now been found that these and other objects 20 azeotropic amount of butanol is removed with the wa- 
can be achieved by a novel combination of known and ter * 

novel process features in a general process of the transa- * n res Pe ct t0 step 5, it is preferred to preheat the 
cetalization type. alcohol before addition. The temperature is desireably 

In accordance with the present invention it has been about the same M reaction mixture to which it will 
found that surface-active alkyl glycosides containing 25 ^ added - 

C12-C18 alkyl or alkenyl radicals are produced by a Thc fatty alcoho1 k used in an amount of from 2 mols 
process which comprises: to 20 mols per mol of glycose. The fatty alcohol is 

1. introducing to a suitable reaction vessel a first Preferably added continuously. 

portion of butanol together with an acidic catalyst- . res P ect t0 ste P suitable bases include organic or 

2. heating the butanol-acid catalyst mixture to the 0 mOT & mc basic materials such as the alkali metal bases 
reflux temperature; such & alka31 m etal hydroxide, carbonates, bicarbonates 

3. adding a suspension of a glycose reactant and the ^ the ^ * e alka3ine earth bases suc * as calcium 
remaining butanol; oxlde ma gnesium oxide and the like, aluminum bases 

4. removing water formed in reaction by distillation- « SU ° h ** duminum ^oxide or its basic alkali aluminum 

5. adding to the reaction mixture a fatty alcohol con- ^omrxments, ammonia compounds, such as ammonium 
taining from 12 to 18 carbon atoms: hydroxide, amines including primary, secondary ter- 

6. removing butanol from the reaction mixture ^^T^r^ n f^t^ 1 ^ 

through distillation under reduced pressure, until ° 1UC0Se " « *e glycose in the pro- 

from 0 to 30 mol percent of butylglycosides ner An \ according to this invention. Normally, glucose 
mol glycose remain^ in the mSSJES? 40 ™»™ f \™ 1 ™«er of crystallization. Glucose such as 

7. cooling the reaction mixture to a temperature ^T?%* water of crystallization may readily be 
below 95- C. and neutralizing the acidic cLysTy m *° n * * ** P™«* according to the 
the addition of a suitable, bL and then adjSg * ** ^ ****** 
the pH of the neutralized reaction mixture Tz pH 45 h ow ^ / FT* I™ ^ ""P* me<W 
of at least 8- However, since anhydrous glucose is available in large 

8. filtering the reaction mixture at a temperature of Sloul^^ T* 1 * " ^' 
from 80' C. to 90' C and: f ^ C a °? iydr0US S Iucose m the fonn of a fine 

. 9. Removing excess fatty alcohol by distillation to a ^^^^^^^ ^ * P referabl y ™* « 
level below 5% bv wdefat ^ ySt by VUtue of lts lesser corrosive effect - 

ThetaS pL^ct Th^^btained is processed, 5 ° SS?J?lS5S£t " ? 
preferably in known manner, by addition o? water to JS££ JS£/S^t^S^JSt^ 
form an easy-to-handle, approximately 60% paste. The catalvze the a ^i»^nr«^ c , 

reaction product is yeUowish to brownish in" color. It ^£Z£%££S&££Z 

InSlS fOUnd r* a I Tr ti ° n Pr0dUCt 55 To remove L water of rea^iL byXlTa^nlSe- 
T Z 10 a "? sfa " 01 ? ateat *xdy after its release, a temperature equmbriu^™ 

m storage and, in parncular, evendunng further pro- be established in the reactioVvessel To tLs^d the 
cessnig in an afcahne medium. The product quality butanol initially introduced into the reaction vessel is 
drrectly obtamed by the process is enUrely adequate for brought to the reflux temperature oefeeThe reSon 

accordance with the invention for the production of infinite reflux. In the case of the n-butanol used in acTor- 

detergents and cleamng preparations. However, color dance with the invention, the reflux tempeSre U?18- 

quahty and alkah subihty may be further improved by C. With the formation of the lower boilin?bS!3/wl 

subsequent bleach with hydrogen peroxide or an or- ter mixture, a vapor temperature of 95' to 110° C is 

■TLfaSlS"^ , ^- . 65 ^^^Vhases^tionofthebulmoLater 

The butanol reactant is employed m an amount from distillate, the butanol-rich phase may be returned to the 
4 mols to 10 mols and preferably from 6 mols to 8 mols column although it contains dissolved water However 
per tool of glycose employed. where the process is carried out on a laboratory scale it 
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is easier to replace the quantity of water distilled off by lene glycol, can be used for the acetalization reaction, 
fresh, butanol. Where the process is carried out on an However, n-butanol is the preferred substance by virtue 
industrial scale, the water-containing butanol phase may of the sum total of its advantageous properties, such as 
readily be returned to the column where the water of boiling point, separability from the alcohols, and misci- 
the butanol phase becomes quasi-stationary and no 5 bility of the butyl glycoside with the fatty alcohols, 
longer comes into contact with the reaction mixture. A The glycose has fully reacted, when water of reaction 
light vacuum of 800 to 950 millibar (mbar) may be ap- st ops being formed. At this time the fatty alcohol, pref- 
plied even during the heating of the butanol in order erably preheated to the reaction temperature is intro- 
thus to adjust the reflux temperature to the butanol/wa- duced & vacu0 mlo &e reactkm vesse , k m amount 
ter vapor temperature. W from about 5 to 7 tools per mol of glycose in such man- 
In applying the heat required to remove the butanol/- ner ^ ±e butjmol uberated ^ rem0 ved by distil- 
water mixture and to maintain the reaction temperature, lation at ^ time . ' 
it fa essential that there be only a minimal temperature Suitab i e fatty ^ particular> the w her 
d^erencebe^eenthewaUofthe^ ahphatic, primary alcohols contling from 12 to 18 
Hon mixture in order to avoid overheating. In order to 15 eJ^m „ t nmc „ ta „.„/„ " - ™, 
estabhsh this shght temperature difference, i, is sufn- ^^S^^l^l^ 
cient in the laboratory to use a standard thermostat i^JZzZi i u ^ . • r 7: J; y 
regulated oil bath and?at the same time, to vigorously ?^^t°^TT' ? "Tt^ f^ J^ 
stii the reaction mixture. On an industrial scale, it has rCP T * t ^ *°? hoh wbch 
proved to be of particular advantage to apply the heat 20 may ^ e m 1 the P rocess accordmg to the mvention 
through an external circuit, preferably costing of a f °* * ^ ™ m V? und * ?^ yl *** 
pump and a heat exchanger. To this end, part of the alcohol, n-hexadecyl alcohol, n-octadecyl 
reaction mixture is continuously removed through a J™* ***** ^? h °!' alcohol » ^co- 
pipe, heated in the heat exchanger and returned to the ho1, !f decyl dc °5 Smce the industrial fatty alcohols 
reactor. It is possible in this way to avoid high reactor 25 ^TY « manate fr o m natural fat sources, mixtures of 
wall temperatures, i.e. those above 125° C, and avoid technical fatty alcohol s can al so be used as reactants, 
adverse temperature effects on the color values of the for . e - xam P le a technical mixture of about 3 parts by 
end product. weight lauryl alcohol and 1 part by weight myristyl 
In one preferred embodiment of the process, the sus- d«>l">l. Although, in principle, any relatively long- 
pension of the glycose in butanol (anhydrous glucose is 30 chain alcohol containing a primary alcohol group, i.e. 
preferably used) is first treated to produce a fine disper- even brancbed-chain primary alcohols, such as for ex- 
sion. In the laboratory, this can be easily done in a stan- ample the so-called oxoalcohols, is suitable for the reac- 
dard, high-speed laboratory stirrer or blender. Alterna- tjon. TIle process is primarily intended for the produc- 
tively an ultrasonic homogenizer can be used for this ^ on °* surfactants which can be produced exclusively 
purpose. On an industrial scale, an inline mixer, for 35 from renewable raw materials, 
example a stator/rotor mixer, is advantageously used to Within the context of this invention, reduced pres- 
produce a fine dispersion. This fine dispersion step has sures of down to 10 mbar are established as the vacuum, 
the desirable secondary effect that the suspension un- Through the synchronous exchange of fatty alcohol for 
dergoes an increase in temperature. The glycose suspen- butanol, it is possible to obtain a high volume/time yield 
sion is introduced into the reaction vessel either in por- 40 because the reaction vessels can be made with relatively 
tions or continuously. Portion or batchwise addition is small dimensions. It has also been found that the propor- 
an advantage in the laboratory and continuous addition tion of alkyl monoglycosides in the reaction product 
is an advantage for industrial scale. In both cases, the can thus be increased. In one preferred variant, this 
addition rates or the time intervals between the added means of adding fatty alcohols is designed in such a way 
portions must be selected so that the reaction mixture 45 tnat small quantities of the fatty alcohol, for example 0.5 
remains substantially clear, i.e. forms a homogeneous to by wei Sbt of the total fatty alcohol used, are 
phase. In the context of this invention, this expression is introduced into the reaction with the finely dispersed 
used to mean that a brief period in which the reaction butanol/glycose suspension. The stabilization of the 
mixture is clouded initially occurs during addition in glucose/butanol dispersion can be improved in this 
portions, disappearing again in consequence of the 50 way. After the fatty alcohol has been added, the reac- 
etherification reaction or dissolution. The next glycose tion mixture is generally stirred or otherwise agitated in 
portion is preferably not added until the clouding has order to take the tranacetalization reaction to the con- 
disappeared. Where the glycose is added continuously, version desired. It is possible to control this process in 
slight clouding of the reaction mixture occurs through- such manner that less than about 1% by weight butyl 
out the entire addition because small quantities of unre- 55 glycoside is present. In many cases, however, the end 
acted glycose are always present. In this case, it is im- product is required to contain certain proportions of 
portant to insure that the addition rate is controlled in butyl glycoside above \%. 

such a way that the degree of clouding remains rela- It has also been found that the presence of butyl gly- 

tively uniform and, in any event, does not increase or coside in the end product of the reaction can be of 

rather in such a way that the clouding disappears 60 advantage in a number of ways. In one preferred em- 

quickly on termination of the addition with formation of bodiment, the process is controlled in such way that at 

a clear phase. least 2% by weight and at most 30% by weight butyl 

The acetalization with the butanol is preferably car- glycoside remain in the reaction mixture. This greater 

ried out under light vacuum, Le. under a pressure of 800 amount butyl glycoside in the reaction mixture im- 

to 950 mbar. 65 proves its fluidity, so that the excess of fatty alcohol is 

Instead of using n-butanol, other short-chain alkanols easier to remove by distillation. The light color and 

or alkanediols of relatively similar molecular size, such alkali stability of the end product are also favorably 

as for example propanol, pentanol, hexanol or propy- influenced by the presence of butyl glycoside. Finally, 
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the presence of butyl glycoside can also be of advantage value in question can be higher and can be in the ranee 

in terms of practical application. 0 f from 3 to 5% by weight fatty alcohol For example, 

In order to obtain the desired content of butyl glyco- it has been found that end products containing more 

side, removal of the butanol by distillation and neutral- than 2% by weight and preferably 3 to 5% by weieht 
latum of the catalyst are preferably separated by an 5 fatty alcohol afford advantages in terms of practical 

interim period of stirring of up to about 1 hour, under application of the end product 

which the reaction mixture is stirred under normal pres- i n resp ect to the separation of mixtures of temnera 

sure at temperatures of from 100' to 115' C. and more ture-sensitive components o ? the hSSfcSSE 

especially at a temperature of 1 10° C. In this manner, a ii v <*iH that MnLJnul LzIT 7 J can r ge °f r 
the reaction of the butyl glycoside with the fatty al^ 10 ££^^ 

hoi can be continued under control. The residual butyl My ^t^^^^t^L^ a P T™: 

glycosidecontentcanbeascertakedbydetenrmim i«nl? t f?S operation under reduced 

quantity of butanol distilled off or by analyses of prod' S^?* ****** re f ltm f fr ™ the trendy 

uct samples short residence at relatively high temperatures 

In principle, the ca^ 15 ™ t ^^J ^ ( ^ S ^?^? te 

organic or inorganic compounds showing an alkaline ^ i ev ? orator been found 

reaction, provided that the neutralization products do l^f V *" rCm ° Val ° f the excess 

not interfere with subsequent treatment or use of the fatt * T 0 - 1 . f \ 0m ±e glycosides as the actual 

product. It is preferred to use alkaline compounds P^auct Thin-layer evaporators are evaporators in 

whose neutralization products do not impair the filter- 20 . ? * ^ « V1SC ° US ' low - boiHll S mixture « applied 

ability of the mildly alkalized (at least pH 10) reaction !° a heated waU and IS mechanically distributed thereon 

mixture. Alkaline compounds which do not form any b )f ^otatrng wiping arms. This forms thin layers or films 

free water of neutralization during the neutralization of liquid which are continuously renewed. The vapors 

reaction are particularly preferred. Suitable inorganic J onned flow countercurrent to the film of product and 

and organic alkaline compounds are, for example, cal- 25 ve ^ eva P° rator t0 P 3 ^ mt o an externally arranged 

cium hydroxide, magnesium hydroxide, magnesium condenser. Thin-layer evaporators are generally oper- 

oxide or carbonate, sodium carbonate, potassium car- ated at reduced pressures of only a few mbar and the 

bonate, sodium methylate or ethylate, magnesium meth- residence time of the product is generally only a few 

ylate or ethylate, sodium or magnesium propylate or seconds. 

butylate, preferably the magnesium alcoholoates or 30 . a two-stage unit, which is the type preferably used 
magnesium oxide, and also the zeolites NaA and NaX or m P rocess according to this invention, the thin-layer 
NaA in admixture with calcium hydroxide (ratio 10: i to evaporator also serves as a pre-degassing stage for the 
I: 1), zeolite NaA preferably containing less bound short-path evaporator used in the second stage. Gases, 
water than corresponds to the equilibrium value. which are dissolved in the viscous liquid, are thus re- 
After addition of the alkaline compound with striring 35 moved from the liquid during the removal of excess 
and adjustment of the mildy alkaline pH value of at least *atty alcohol from the reaction product in the thinlayer 
pH 8, preferably pH 9 to 10, the reaction mixture is evaporator. 

preferably filtered at temperatures of from 80 to 100 a C. ^e short-path evaporators are wiped-film evapora- 
While standard vacuum filters can be readily used in the tors having a condenser built into the evaporator. Evap- 
laboratory, cloth filters are generally used for filtration 40 orators of this type are suitable for the distillation of 
on an industrial scale. In a less preferred embodiment of high-boiling, temperature-sensitive products at pres- 
the process, the reaction mixture is not filtered after the sure s in the range from 10- 1 to 10~ 4 mbar. In short- 
neutralization and alkalization step. In this case, both P a & evaporators just as in thin-layer evaporators, the 
the acidic catalyst and also the alkaline compound for hquid is mechanically distributed over the heating sur- 
deactivating the catalyst are best selected so that their 45 fo ce by wipers. It has been found that excess alcohol can 
reaction products in the reaction mixture do not have an oe reduced to virtually any residual level below 1 % in 
adverse effect. In this case, for example, acidic ion ex- the short-path evaporator of the second stage. The two- 
change resins are less suitable as catalysts, and basic stage arrangement of the thin-layer evaporator and 
calcium compounds are not suitable as deactivators. short-path evaporator provides high throughputs and 
Vacuum distillation techniques should be used for 50 closely controlled levels of residual fatty alcohol in the 
distilling off the excess fatty alcohol. In using such end product. For technical purposes, thin-layer and 
techniques the socalled sump temperature must be kept short-path evaporators may be made of such size that 
at levels at which the alkyl glycoside is thermally stable. throughputs of up to 300 kg/m2/hour, based on the 
This means that the sump temperature should not ex- thin-layer evaporator, are possible. It is preferred to use 
ceed a value of 160° C. In the laboratory, it is possible to 55 the two stage unit in this preferred process variant ac- 
use standard vacuum distillation apparatus at a vacuum cording to the invention. 

of about 0 01 mbar. On an industrial scale, removal of After the alkyl glycoside product has been stripped of 

the fatty alcohol by distillation is preferably carried out excess fatty alcohol, and cooled, the end-product is 

in a two-stage process. In the first stage the fatty alcohol usually a pale yellowish wax-like mass This end prod 

is reduced from 40% to 20% using a thin-layer evapora- 60 uct i s preferably converted into an aqueous paste hav- 

tor or a falhng-film evaporator. This first stage is also ing an alkyl glycoside end-product content of about 

used to degas the reaction mixture. In a second stage, 60%. This aqueous paste is easier to handle In special 

the remaining fatty alcohol content is reduced to the cases where the end product must be essentially col6r- 

requued end value using a "short-path" evaporator. free the aqueous paste can be bleached with hydrogen 

Based on the end products desired, this end value may 65 peroxide or with a suitable organic per acid, such as 

£ JSjlV* v the product is to be substan- dodecanedioic per acid. However, if the process ac- 

UaUy free from fatty alcohol. Where certain fatty alco- cording to the invention is properly conducted, there is 

hoi contents are required m the end product, the end generally no need to bleach the end product 
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The present invention also relates to certain alkyl preferably 2.5 to 4% by weight fatty alcohol, the other 

glycoside mixtures as new products which are prepared four essential components being present in a corre- 

by the process described and claimed herein. The prod- spondingly reduced quantity. In many cases, an essen- 

uct claimed in its broadest sense is a surface-active alkyl rial content of free fatty alcohol containing 12 to 18 

glycoside species in which the quantity of alkyl mono- 5 carbon atoms may be desirable in the interests of practi- 

glycoside, based on the total quantity of alkyl mono- cal application. The easiest way of establishing the fatty 

glycoside and alkyl oligoglycoside, is above 70% by alcohol content is to terminate the removal of the excess 

weight, preferably between 70 and 90% by weight and fatty alcohol by distillation at the particular final quan- 

more preferably between 75 and 90% by weight The tity required. 

total quantity of alkyl monoglycoside and alkyl oligo- 10 The quantity of excess fatty alcohol in the end prod- 
glycoside is made up in such a way that, mathemati- ucts was determined by gas chromatography. The alkyl 
cally, the mean degree of oligomerization is at most monoglucoside and alkyl oligoglucoside contents were 
1.35. The alkyl glycoside contains as another essential determined either by highperformance liquid chroma- 
component polyglycoses, i.e. the new product consists tography (HPLC) or by gas chromatography (GC). In 
essentially of the three components alkyl monoglyco- 15 gas chromatography, the peaks were assigned by cou- 
side, alkyl oligoglycoside and polyglycose. pling with a mass spectrometer and comparison with 
In the present case, the expression "the product con- standard substances. In HPLC, the peaks were assigned 
sists essentially of three components" means that, on the by fractionation and NMR-spectroscopic identification 
one hand, the proportion of short-chain alkyl glyco- of the fractions and by comparison with standards. The 
sides, such as butyl glycoside, has been reduced to such 20 proportions of polyglucose were isolated by prepara- 
extent that less than 1% by weight is present in the tive HPLC. The components thus isolated were analyti- 
product and that the fatty alcohol has been reduced to cally identified by NMR spectroscopy and by enzy- 
such extent that less than 0.5% by weight thereof re- matic sugar tests. The molecular weight range of the 
mains in the product. Alkyl oligoglycosides in the pres- polyglucose was determined by gel permeation chroma- 
ent context are alkyl diglycosides, alkyltriglycosides 25 tography (GPC). Secondary products, which can be 
and higher homologs which can be clearly identified by formed for example by isomerization of the glucose to 
standard analytical techniques. In the products pro- fructose or by reaction of the fatty alcohols among 
duced by the process according to the invention, these themselves, and the salts formed by neutralization of the 
alkyl oligoglycosides consist essentially of the di- and acidic catalyst were not closely identified, 
triglycoside compounds only. The third component 30 

consists of polyglycoses which are formed by condensa- EXAMPLES 
tion of the glycose molecules with one another in a The following Examples were all carried out with 
secondary reaction of the alkylation reaction. The aver- glucose as the preferred glycose. In most of the Exam- 
age molecular weight of these polyglycoses is in the pies, the glucose was used in anhydrous commerically 
range of from 2000 to 10,000. It has surprisingly been 35 available form. However, it is also believed possible to 
found that the presence of these polyglycoses does not use dextrose containing 1 mol water, 
affect the storability and alkali stability of the product 

and that, in addition, the surfactant effect of the alkyl EXAMPLE 1 

glycoside, i.e. the mixture of alkyl monoglycoside and This Example describes the process according to the 

alkyl oligoglycosides, is not reduced. 40 invention using anhydrous glucose on a laboratory 

Preferably, the alkyl glycoside mixture consists essen- scale, 
tially of the three-component combination of 50 to 95% Normal butanol in a quantity of 222 g (3 mol) was 
by weight and preferably 65 to 91% by weight alkyl introduced into a 2-liter multiple-necked flask equipped 
monoglycoside, 2 to 25% by weight and preferably 4 to with a stirrer, thermometer, dropping funnel and distil- 
20% by weight alkyl oligoglycoside and 5 to 30% by 45 lation column for the separation of water, followed by 
weight and preferably 5 to 25% by weight polyglycose. addition of 12 g (1 1.2 retool) para-toluenesulfonic acid 
In another preferred embodiment, the product ac- as catalyst The mixture was heated to 110° C. A sus- 
cording to the invention comprises a four-component pension of 180 g (1 mol) anhydrous glucose in another 
combination consisting essentially of: from 45 to 90% 22 g (3 mol) normal butanol was then added in portions, 
by weight and preferably 50 to 90% by weight alkyl 50 more specifically in 10 portions, at intervals of 5 min- 
monoglycoside, from 2 to 22% by weight and prefera- utes. A clear reaction mixture was formed. During the 
bly 3 to 20% by weight alkyl oligoglycoside, 4 to 25% addition, most of the water of reaction formed was 
by weight polyglycose and 3 to 30% by weight butyl distilled off together with butanol under normal pres- 
glycoside. sure (quantity of distillate: 90.7 g, water content 14.3%, 
In this case, too, the expression "consisting essentially 55 as determined by the Karl Fischer method). 1164 g (6 
of is intended to mean that excess fatty alcohol has mol) of a C12-Q4 fatty alcohol (mixture tetradecanol) 
been removed substantially completely, Le. to contents preheated to around 80* C. were then continuously 
of less than 0.5% by weight, by distillation. In this case, added to the reaction mixture over a period of 75 min- 
too, the total quantity of alkyl monoglycoside and alkyl utes, more butanol being distilled off at the same time, 
oligoglycoside is made up in such a way that, mathe- 60 To this end, the pressure was first adjusted to 800 mbar 
matically, the mean degree of oligomerization is at most and then gradually reduced to 10 mbar (quantity of 
1.35. The preferred glycose of the product is glucose, distillate 334 g). After the butanol had been distilled off, 
although isomerization products which do not belong the mixture was stirred for 30 minutes at 110° C./nor- 
to the essential constituents may also be present in small mal pressure and then cooled to 90° C. The catalyst was 
quantities. 65 then deactivated by addition of 1.93 g (16.9 mmol) mag- 
Finally, another preferred form of the alkyl glycoside nesium ethylate with stirring over a period of 90 min- 
mixture comprises a five-component combination con- utes at 90° C. The reaction mixture then had a pH value 
taining as the fifth component 0.5 to 5% by weight and of 9-10. After filtration at 90* C. through a heated vac- 
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uum filter, the product was distilled in vacuo at 0.01 Magnesium methylate: 2.0 kg 
mbar and at a maximum sump temperature of 160° C to Glucose (anhydrous) (Pupidex, fine-grained): 250 kg 
separate off the excess fatty alcohol. The quantity of Half the quantity of butanol was initially introduced 
distillate amounted to 1044 g and the distillation residue, together with the catalyst into a reaction unit consisting 
i.e. the end product, to 298 g. This residue was pro- 5 of a 3.2 m 3 reactor equipped with a distillation column 
cessed with water at 70 to 80° C. to form a 60% paste. and an external liquid circuit of a pump and a heat ex- 
Characteristic product data: OH value 691; acid value changer. A suspension of the glucose in the rest of the 
2.0; residual fatty alcohol 3.1% by weight; butyl gluco- butanol was then finely dispersed in a stator/rotor 
side 18.0% by weight; dodecyl/tetradecyl monogluco- mixer (of the Supraton type), the suspension undergoing 
side 54% by weight; dodecyl/tetradecyl oligoglucoside 10 an increase i n temperature to 75° C. The glucose/- 
(mainly maltoside) 3.5% by weight; polyglucose butanol suspension was added continuously over a per- 
approx. 20% by weight (MW approx. 2500). These iodof 1.3 hours, during which 65 kg of a butanol/water 
values were determined by HPLC methods. mixture were distilled off under a reduced pressure of 

Color values of the product (40% in water/isopropyl 900 mbar. The energy required for removing this mix- 
alcohol): Lovibond color values 6 (yellow); 1.4 (red). 15 ture and for mamtaining the reaction temperature was 
0.5% H202 (based on the product) in the form of a 35% provided by an external liquid circuit consisting of a 
solution was added to a sample of the aqueous paste, pump and a heat exchanger through which the reaction 
followed by stirring for 1 hour at 80° C. A pH value of was passed. The water-saturated butanol phase obtained 
approximately 8 was adjusted by addition of NaOH. after phase separation of the butanol/water mixture was 
Lovibond color values after bleaching: 0.8 (yellow); 0.3 20 returned to the head of the column. After the formation 
( red >- of the butyl glycoside, 725 kg free butanol were present 
EXAMPLE 2 m tne / cact ion mixture after formation of the butyl 

glycoside, the fatty alcohol preheated to the reaction 

This Example describes the process using aqueous temperature was continuously added under a reduced 

glucose. 25 pressure of 800 to 10 mbar and, at the same time, the 

The reaction mixture and procedure were as in Ex- butanol released was separated off, A total reaction time 

ample 1, except that 189 g dextrose (glucose containing of 1.8 hours was required for the butanol/fatty alcohol 

1 mol water) was used as the glucose. Apart from the exchange reaction and for removal of the residual buta- 

fact that the additional quantity of water of approxi- nol by distillation, Following an after-reaction time of 1 

mately 18 g was distilled off during the acetalization 30 hour at 110' C. under a pressure of 1013 mbar, the mix- 

with butanol, no significant differences were observed ture was cooled to 90° C. and the magnesium ethyl ate 

in relation to Example 1. subsequently added to deactivate the catalyst, After 30 

EXAMPLE 3 minutes, a pH value of the reaction mixture of 8,5 was 

measured, After filtration at 85° C. through a bag filter, 

This Example describes the stopability and alkali 35 1885 kg of the reaction mixture were introduced into a 

stability test of the product prepared in accordance with thin-layer evaporator of the Sambay type (0.75 m 2 evap- 

the invention. orator surface, 8 mbar, approx. 170" C) and the excess 

A 60% aqueous paste of the product was adjusted to fatty alcohol separated off to a depletion value of ap- 
pH 12-13 with concentrated NaOH and heated for 0.5 proximately 32%. The product kept at 135° C. was low 
h to 100* C. After cooling to room temperature, an 40 in viscosity and could readily be transferred to a short- 
active substance content of 40% by weight (product path evaporator with roller wipers of the Leybold KD 
quantity) was adjusted by addition of isopropyl alcohol. 75 type, The short-path evaporator was operated under 
The Lovibond color values (red and yellow) were then the following conditions: evaporator surface 0.75 m 2 ; 
measured. A 1 inch cell was used (cf. DGF-Einheits- working pressure 0.075 mbar, as measured in the evapo- 
methoden, Abteilung C, Fette, C-IV 46 (52), Wissen- 45 rator, heating temperature 160° C; sump outflow tem- 
schaftliche Verlagsgesellschaft mbH, Stuttgart, 1984). perature 152° C. After leaving the short-path evapora- 

The product of Example 1 was treated by this tor, the product weighed 436 kg; fatty alcohol content 

method. The Lovibond color values were then mea- 4.9% by weight. Lovibond color values (of the 40% 

sured at 18 (yellow) and 3 (red). product); 5.5 (yellow) and 1.3 (red). Composition of the 

Performance tests with the product of Example 1 50 product (as determined by GC and HPLC): mono- 
showed that the product according to the invention glucoside 55% by weight, oligoglucosides 18% by 
with this color quality as a property determined by the weight, polyglucose 8% by weight, butyl glucosides 
above test is adequate for most applications. 12% by weight, fatty alcohol 3% by weight. 

The alkali stability test was also conducted with the We claim: 

bleached product of Example 1. Unchanged Lovibond 55 1. A transacetalization process for the production of 

color values of 0.8 (yellow) and 0.3 (red) were then surface active alkyl glycosides containing Cn to Cm 

measured. The particularly alkali-stable bleached prod- alkyl or alkenyl groups wherein the quantity of alkyl 

uct is suitable for those applications where the white- monoglycoside, based on the total quantity of alkyl 

ness of a formulation has to satisfy stringent demands. monoglycoside and alkyl oligoglycoside, is above 70% 

EXAMPLE 4 60 by weight, which consists essentially of: 

(1) introducing to a reaction vessel from about 30 to 

This Example describes the working of the process about 70 weight percent of the required butanol 

on a production scale. together with an acidic catalyst: 

The following quantities of materials were used: (2) heating the butanol-acidic catalyst mixture to the 

Mixture of dodecyl and tetradecyl alcohol (Lorol 65 reflux temperature: 

S):1620 kg (3) adding a finely-dispersed suspension of a glycose 

Butanol: 871 kg reactant in the remaining butanol at a rate so that 

Papatoluene sulfonic acid: 3.5 kg the reaction mixture remains substantially clear; 
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(4) removing the water formed in the reaction by 8. The process of claim 1 wherein in step (7) the pH 
distillation; is adjusted to about 9-10. 

(5) adding to the reaction mixture in vacuo a fatty 9. The process of claim 1 wherein excess fatty alcohol 
alcohol containing from 12 to 18 carbon atoms; is reduced to a level below about 0.5% by weight 

(6) removing butanol from the reaction mixture by 5 " 10. The process of claim 1 wherein in step (3) the 
distillation under reduced pressure until from about glycose used is finely divided anhydrous glucose. 

0 to about 30 mol percent of butyl glycoside per 11. The process of claim 1 wherein in step (8) the 
mol glycose remains in the reaction mixture; excess fatty alcohol is removed in two stages, the first of 

(7) cooling the reaction mixture to a temperature which is conducted in a thin-layer evaporator to a level 
below 95° C. and neutralizing the acidic catalyst by 10 of about 40% to about 20% and the second of which is 
the addition of an inorganic alkaline earth base conducted in a short path evaporator to a final value of 
material and adjusting the pH to at least about 8; about 3 to about 5% by weight fatty alcohol. 

12- The process of claim 1 wherein in step (8) the 

(8) removing excess fatty alcohol by vacuum distilla- excess fatty alcohol is removed in two steps the first of 
tion to a level below about 5% by weight. 15 which is conducted in a thin-layer evaporator to a level 

2. The process of claim 1 wherein the acidic catalyst of about 40% to about 20% and the second is conducted 
is para toluene sulfonic acid. m a short path evaporator to a final value of below 

3. The process of claim 1 wherein in step (1) the first about 0.5% by weight fatty alcohol. 

portion of butanol is about 50% of the total amount of 13. The process of claim 1 wherein the reaction mix- 
butanol which is between about 4 and about 10 mols per 20 ture is filtered prior to removing excess fatty alcohol 
mol of glycose. 14. The process of claim 13 wherein the reaction 

4. The process of claim 1 wherein the acidic catalyst mixture is filtered at a temperature of from about 80° C 
used is used in an amount of from about 0.005 to about to about 90° C 

0.02 mol per mol of the glycose used. 15. The process of claim 1 wherein said alkaline earth 

5. The process of claim 1 wherein in step (3) the 25 base material is selected from the group consisting of 
remaining butanol and glycose is a preheated suspension magnesium hydroxide, magnesium oxide and magne- 
and is added such that the reaction mixture remains shim carbonate. 5 
substantially clear. 16. The process of claim 1 wherein in step (5) the 

6. The process of claim 1 wherein in step (4) the water fatty alcohol is added in an amount of from about 5 to 
is removed by distillation under a vacuum of about 800 30 about 7 mols per mol of glycose to provide a product 
to about 950 mbar. wherein the total quantity of alkylmonoglycoside and 

7. The process of claim 1 wherein in step (5) the fatty alkyloligoglycoside has a mean degree of oligomerisa- 
alcohol is added in an amount of from about 2 to about tion of up to about 1.35. 

20 mols per mol of glycose. ***** 
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